Compression of the third or fourth part of the duodenum by the superior mesenteric artery or one of its branches is the anatomic basis for some cases of duodenal obstruction. Two cases of vascular obstruction of the duodenum after surgical correction of scoliosis are presented. The embryologic and pathoanatomic bases for this condition, and the rationale for treatment, are described.
Introduction
The syndrome is characterized by acute nausea, a feeling of fullness, and intractable vomiting. It has been described following application of body casts (the 'cast syndrome') in patients after correction of scoliosis, and may occur after severe weight loss'. Untreated, the condition may be fatal. Von Rokitansky proposed that the cause of the syndrome was obstruction of the third part of the duodenum by arteriomesenteric occlusion2.
Conservative methods oftreatment have been well documented3 but, if unrelieved, surgery may still be necessary. The fact that the position of the patient significantly contributes to the development of the syndrome has prompted this report on 2 patients, one managed conservatively and the other requiring duodenojejunostomy.
Case reports Case 1: A 15-year-old girl had been referred for treatment at the age of 12 for a progressive, paralytic lumbar scoliosis which measured over 900. She had congenital dystrophica myotonica and was mentally retarded. Her mother and younger sister also had the disease but her older brother was normal. Her maternal grandfather was probably affected; he had diabetes mellitus and bilateral cataracts. The patient was born with club feet and had had corrective surgery during childhood.
On examination she was noted to have distal limb weakness, and walked independently with below knee calipers. She had pelvic obliquity associated with a severe upper lumbar spinal curve convex to the right. Her leg lengths were equal and she compensated for the pelvic obliquity by flexing the left knee.
The curve was rapidly progressive ( Figure 1 ) and she was admitted for surgery. Routine investigations were normal. Lung function tests demonstrated markedly reduced respiratory capacities with mild chronic hypocapnia.
She underwent two weeks ofprogressive halotibial traction. This was followed by posterior spinal fusion from D5 to L5 using Luque segmental spinal instrumentation with sublaminar wiring. Intraoperative electrophysiologic spinal cord monitoring was used.
The curve was improved from 1120 to 520 (D9 to LA). Postoperatively a normal diet was reintroduced. She became constipated and started vomiting ten days after surgery, and also developed a right lower and middle lobar pneumonia. Her abdomen was soft and not tender, but bowel sounds were absent. Radiographs showed the lobar consolidation and a dilated stomach and duodenal cap ( Figure 2 ).
The chest infection resolved with parenteral antibiotics and intensive chest physiotherapy. The duodenal obstruction was treated with nasogastric suction and intravenous fluids as well as intermittent turning into the prone position. She improved steadily and after five days oral fluids were reintroduced followed by a normal diet. Three weeks after the operation, a short fibre-glass jacket with a large abdominal window was applied and she was mobilized. The jacket was removed four months later.
At twelve months follow-up, her curvature had remained stable (540) and she had no further gastrointestinal problems. Apart from her scoliosis, the physical examination was normal. Lung function tests demonstrated a moderate restrictive defect in ventilation. Gas transfer was normal, as were arterial blood gases at rest. Preoperative dynamic Cotrel traction was performed for ten days. A posterior spinal fusion from D4 to L2 was performed using a single Harrington rod. A postoperative radiograph showed no improvement in the curvature. Re-exploration the same day revealed that the lamina ofL2 had fractured with dislodgment of the lower hook. A new hook was inserted into the lamina of L3 and a longer Harrington rod used. The curve was corrected to 210.
She was nursed on a Stryker frame. A urinary catheter was required for four days. Towards the end of the first postoperative week a light, solid diet was introduced. On the ninth postoperative day she began bilious vomiting and developed abdominal pain. She had passed faeces and was passing flatus. Bowel sounds were present. She had epigastric tenderness. A plain radiograph of the abdomen showed gaseous distension of the stomach and duodenum. Electrolyte levels remained normal.
She was treated with nasogastric suction and intravenous fluids, but large volumes of nasogastric aspirate continued to be returned. Two weeks after her spinal fusion, upper gastrointestinal radiology with Gastrografin contrast showed intestinal obstruction at the duodenojejunal flexure ( Figure 3 ). Normal bowel rotation was demonstrated. At lapar-otomy, partial duodenal obstruction at the duodenojejunal flexure was noted. The ligament of Treitz appeared tight and the superior mesenteric artery was stretched over the fourth part of the duodenum. The duodenum was mobilized and a side-to-side duodenojejunostomy was fashioned leaving virtually no blind loop.
The patient made an uneventful recovery with return to normal eating and bowel habits. A plaster jacket was applied four weeks after the initial operation and she was discharged home. The plaster was worn for one year after the operation without complication.
Three and a half years after surgery, at the age of 20 years, she was well. Her spine was stable with a 280 curvature, and she had no gastrointestinal problems.
Discussion
The embryonic superior mesenteric artery extends past the intestine and into the yolk sac for as long as the organ persists in the umbilical cord. It is the extension that supplies blood to a persistent Meckel's diverticulum. During the fifth week, the herniated midgut loop rotates 900 counter-clockwise so that the future duodenum lies to the left of the embryonic superior mesenteric artery. The small intestine returns to the abdomen during the 10th week, followed by the colon, so that the duodenal portion lies to the left, beneath the superior mesenteric artery. Growth of the colon continues after the intestine returns to the abdomen with descent of the caecum to the right iliac fossa.
One of the consequences of the erect posture of humans is that the superior mesenteric artery leaves the aorta at an acute downward angle rather than Figure 3 . Decubitus shoot-through contrast radiograph of Case 2, on the Stryker frame. Note stomach and duodenal distension, with air-fluid levels at a nearly complete right angle as it does in quadrupeds. It is through this vascular angle, between the aorta and the superior mesenteric artery, that the third or fourth part of the duodenum passes4. The duodenum is suspended in the angle by the ligament of Treitz.
There may be variation in this suspensory ligament's site of attachment and structure. In most patients the duodenum crosses the vertebral column at the level of the third lumbar vertebra, but a short suspensory ligament may raise it, bringing the duodenum higher into the vascular angle between the superior mesenteric artery and the aorta. A short ligament may also raise the duodenojejunal flexure, increasing its angulation. A lower duodenal position, as it crosses the spine, may not be advantageous as the spine curves forward at L4 so that the distance between the limbs of the vascular angle is not increased above that at L3.
In most individuals the superior mesenteric artery arises from the aorta at the level of the first lumbar vertebra. The middle colic vessels arise from it one vertebral level lower. These cross the third part of the duodenum and may cause compression due to the weight of the transverse colon.
Spinal fusion with spinal instrumentation is intended to alter spinal configuration. As a result of the correction of the curve, spinal lengthening occurs. The origin of the superior mesenteric artery thus is displaced cephalad at the expense of lateral mobility5.
Gastric dilatation occurs early in vascular compression of the duodenum and nasogastric suction accompanied by alterations in posture may abort full-blown duodenal obstruction. This has been demonstrated successfully in patients on skeletal traction6, patients in body casts5, and in one of our patients.
Since, some patients with scoliosis require prolonged immobilization, body casts and repeated back operations, early operative intervention has been recommended. If obstruction is unrelieved, an operation is, of course, mandatory. Side-to-side duodenojujenostomy is the procedure of choice. Early postoperative mobilization without casting, using the more rigid segmental spinal instrumentation (Luque), may decrease the need to operate if this syndrome of vascular compression of the duodenum occurs.
